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Abstract

The safe disposal of sharps, particularly acupuncture and dry needling needles, remains
a challenge in clinical and therapeutic environments, where inadequate management in-
creases the risk of occupational injuries and infections. Commercial needle disposal devices
are often costly, non-portable, and closed-source, limiting their adoption in small clinics
and low-resource contexts. This work presents the design, construction, and validation of
an open-source electric needle incinerator developed as a low-cost, safe, and reproducible
alternative for biomedical waste management. The device was designed using accessible
materials, 3D-printed components, and standard electronic parts, ensuring ease of repli-
cation. Detailed build and operating instructions are provided, to facilitate reproduction
and future development of the system. Validation tests confirmed that the prototype in-
cinerates individual needles in 3-5 s, processing typical sessions of 5-20 needles without
performance degradation. Safety was ensured through thermal insulation, protective cas-
ing, and compliance with international standards. The fabrication cost of approximately
199 USD represents a reduction of over 65% compared to commercial devices priced at
600-1500 USD. By openly releasing the design, this contribution supports the hardware
community with a replicable solution that enhances occupational safety, reduces costs, and
fosters innovation in therapeutic and educational contexts.

Keywords: open-source hardware; needle incinerator; biomedical waste management;
additive manufacturing; occupational safety

1. Introduction

The safe management of sharp medical waste has been consistently identified as a
global health challenge [1,2]. The World Health Organization (WHO) estimates that unsafe
handling of sharps contributes significantly to occupational injuries and the transmission
of bloodborne pathogens such as hepatitis B, hepatitis C, and HIV [3,4]. In therapeutic
and outpatient contexts, including acupuncture, physiotherapy, and dry needling [5]. The
recurrent use of filiform needles increases the need for effective, accessible, and safe disposal
devices [6]. Despite the critical nature of this issue, many healthcare providers, particularly
in small clinics and alternative medicine practices, still rely on improvised disposal methods
that compromise both occupational safety and environmental protection [7].

Commercially available solutions, such as autoclaves and electric needle incinerators,
remain limited in their applicability [8]. Their high costs (300—400 USD), bulky dimen-
sions, and proprietary designs restrict widespread adoption, especially in low-resource
environments [9]. Furthermore, most of these devices lack open technical documentation,
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preventing adaptation, repair, or reproduction by practitioners and educational institutions.
This gap has led researchers and designers to explore low-cost, portable, and open-source
alternatives that can guarantee biosecurity without compromising usability [10,11]. Pre-
vious studies have explored electrically assisted needle destruction technologies ranging
from compact point-of-use needle destroyers to larger plasma-based biomedical waste
treatment systems [12]. Portable electric needle incinerators based on localized resistive
heating and electrical arcing have demonstrated the capability to rapidly oxidize metal-
lic needles while reducing risks associated with sharps reuse and accidental needlestick
injuries [13]. More advanced plasma-assisted systems have also been investigated for
large-scale medical waste treatment, achieving high destruction efficiencies at elevated
operating temperatures [14,15].

In this context, the integration of user-centered design approaches becomes particularly
relevant. By applying methodologies such as Design Thinking, it is possible to capture the
needs of practitioners, identify ergonomic and functional requirements, and translate them
into reproducible technical solutions [16]. Previous stages of this research included surveys
with healthcare professionals, analysis of typological references, and prioritization of design
criteria using Saaty’s analytic hierarchy process, which confirmed safety, accessibility, and
affordability as the most critical parameters guiding device development.

Based on these challenges, the present study addresses the following research ques-
tions: RQ1: Can an open-source electric needle incinerator provide reliable needle degra-
dation performance suitable for outpatient therapeutic environments? RQ2: Is it possible
to develop a safe, low-cost, and reproducible biomedical sharps disposal device using
additive manufacturing and commercially available components? RQ3: How do key
thermal-electrical and geometric design parameters influence the operational performance
and safety of the proposed system?

Building upon this foundation, the present work introduces the design, construction,
and validation of an open-source electric needle incinerator conceived to address both
occupational safety and economic feasibility. Unlike conventional publications that limit
hardware descriptions to Supplementary Materials, this study provides complete design
documentation, open access to digital files, and detailed validation procedures. The
contribution aims to empower the open hardware community with a reproducible device
that can be replicated, improved, and adapted for use in outpatient clinics, educational
laboratories, and low-resource healthcare contexts.

2. Design
2.1. Working Principle

The proposed device operates through direct resistive heating, a mechanism in
which electrical current passing through a conductive element generates heat due to
the Joule effect. The system uses a low-voltage, high-current transformer (input 110 V,
output 5 V-10 A), selected to safely deliver sufficient power for rapid thermal degradation
of fine needles [14].

When the user inserts a needle into the input port, the needle shaft closes the circuit
between two copper contact plates located inside the upper section of the device. Copper
was selected as the electrode material due to its excellent electrical conductivity and stability
under short-duration heating cycles. Once the circuit is closed, electrical current flows
through the needle and the contact region, producing intense localized heating by the
Joule effect. This temperature increase is sufficient to incinerate the segment of the needle
exposed to the heating zone in approximately 3-5 s, as confirmed by functional testing.
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To ensure user safety and prevent heat transfer to the external casing, the heating mod-
ule is mechanically isolated from the 3D-printed ABS enclosure. The system incorporates
the following:

e A thermal separation layer;
° Passive ventilation slots;
e A brief activation period that limits heat diffusion.

ABS, with a glass transition temperature of approximately 105 °C and a heat deflection
temperature (HDT) of 95-110 °C, remains well below its thermal limits during opera-
tion. External surface temperatures measured during testing remained between 34 and
42 °C, demonstrating safe operation and confirming that heat does not build up within
the enclosure.

This design ensures efficient needle destruction while maintaining structural integrity
and user safety, addressing the editor’s concerns regarding clarity of the operating principle
and the associated thermal risk.

2.2. Design Requirements and Considerations

The incinerator was designed under three primary requirements: safety, accessibility,
and reproducibility. Safety was prioritized by ensuring the complete destruction of metallic
filiform needles without releasing hazardous residues, in line with international biomedical
device regulations [17,18]. Accessibility was addressed through the use of low-cost and
commercially available materials, while reproducibility was ensured by employing open-
source design tools and releasing digital files as Supplementary Materials.

The requirements were defined based on field surveys with acupuncture and physio-
therapy practitioners, a review of existing needle disposal devices, and regulatory frame-
works [19,20]. A Saaty analytic hierarchy process (AHP) [21] confirmed that safety, cost-
efficiency, and ergonomic usability were the highest-ranked parameters guiding the design.
Ergonomics was also considered, ensuring a compact structure that could fit in small clinical
spaces and reduce operator errors. Beyond the functional requirements, the development
process incorporated an engineering-oriented evaluation of critical design parameters
associated with operational performance, safety, manufacturability, and user interaction.
Parameters such as electrode spacing, insertion port diameter, transformer output current,
enclosure dimensions, ventilation geometry, and material selection were iteratively eval-
uated during the prototyping stages to achieve an appropriate balance between thermal
efficiency, portability, structural integrity, and safe operation.

From an industrial design engineering perspective, these parameters directly influ-
enced the interaction between the user and the device, as well as the effectiveness of the
localized Joule-heating process used for needle degradation. Consequently, the final proto-
type configuration was not only defined by aesthetic considerations but also by thermal,
ergonomic, electrical, and manufacturability constraints.

To guide the design process, a set of functional, ergonomic, and regulatory require-
ments were defined, based on user needs, international standards, and technical feasibility.
Table 1 summarizes the final design requirements, linking each need with the corresponding
design solution.

Description of the hardware with a rationalization of the basic design decisions made.
Advantages and disadvantages compared to alternatives. Give a broad overview of the
parts required and an estimation of the individual costs of the main parts.
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Table 1. The final design requirements and design solutions.

Value Scope Requirement User Solution
. Intuitive interface, . Labeled power buttons, insertion
- Easy operation and . 1. . Direct and . .
Usability L indicators, ergonomic .. slot, descriptive instructions
minimization of errors . indirect users .
opening (& max. 1.6 mm) on casing
- Compag S12¢, Max. 230 x 150 x 95 mm, Direct and Compact'cas.mg, re'movable tray,
Portability lightweight for — ergonomic dimensions (P50
R <2kg indirect users
home/clinic use female hand)
. . Efficient incineration . o . Copper plates as electrodes,
Functionality of needles Destroy in 3-5 s at ~800 °C  Direct users transformer 5 V-10 A
Capacit Minimum 5-20 One-bv-one incineration Direct and Opening & 1.6 mm, waste
pacity needles/session Y indirect users collector 80 x 75 x 40 mm
Compliance with Avoid burns and Direct and Thermal m?glatlon, fl%se,.
Safety . . . .1 enclosed wiring, ventilation
1IEC 60601-1 infection risk indirect users
slots, rubber feet
Materials Res1sta.mce to hlgh L ABS casing (3D printed), Dlr.ECt and ABS plastic, stainless steel parts
corrosion, chemicals structural metal parts indirect users
ECOI,IO.H.HC Competitive price <USD 300/ unit All user types Standard components, additive
feasibility manufacturing
Legal ARC.SA 0023?_2016’ Safe biomedical device User manual,
. medical device e All user types . .
compliance classification primary/secondary packaging

regulations

2.3. Conceptual Design

Several design alternatives were proposed and evaluated according to criteria such as
manufacturability, material resistance, ergonomics, and cost-effectiveness. The selected con-
figuration consisted of a compact chamber with a direct resistive heating element, designed
to incinerate one or several needles in less than one minute [22]. During the conceptual
development phase, multiple design alternatives were compared, considering not only
aesthetic and ergonomic criteria but also thermal dissipation behavior, electrical safety,
manufacturability through additive manufacturing, and stability of the needle-electrode in-
teraction. Preliminary prototyping revealed that excessive enclosure compactness increased
localized heat accumulation near the upper housing, while larger internal volumes reduced
portability and increased fabrication time. Similarly, the electrode alignment and insertion
pathway were progressively refined to improve electrical contact stability during needle
insertion. Small variations in electrode separation affected the concentration of localized
heating and influenced the consistency of the degradation process. These observations
guided the selection of the final configuration adopted in the prototype.

Three aesthetic approaches were explored: futurist, Braun-inspired, and medical
line (see Figure 1). The medical line was prioritized due to its ergonomic appeal and
neutral appearance. Safety measures include electrical insulation, a protective fuse, and
IEC 60601-1 [23] compliance for electromechanical medical equipment. Figure 2 presents
the updated schematic diagram of the system, including the needle insertion pathway,
the copper electrode interface, the 5 V-10 A transformer, the electrical circuit closure
mechanism, and the ventilation and safety elements.
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Figure 1. Aesthetic approaches.
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Figure 2. Diagram of the equipment.

2.4. Detailed Design

The final design of the open-source electric needle incinerator integrates structural,
electrical, and safety elements developed through iterative prototyping and user-centered
adjustments. The external casing was designed in CAD software SolidWorks 2021 and
optimized for additive manufacturing [24]. An exploded view of the CAD model illustrates
the modular components (see Figures 3 and 4): top cover with insertion slot, internal
mechanism support, removable tray, structural body, cable outlet cap, and base with anti-
slip supports. This modularity enables straightforward assembly, repair, and replacement
of damaged parts without specialized tools.

Material selection was guided by durability, cost, and compatibility with 3D printing.
The casing was fabricated using ABS filament, chosen for its thermal resistance, impact
strength, and widespread availability. Flexible components, including the removable tray
and minor fittings, were printed in TPU (Shore 93A) to improve flexibility and resistance
to repeated handling. Internal metallic components such as copper plates withstand the
short-duration localized heating produced during the Joule-heating incineration process
and resist corrosion under operating conditions.

Material selection also involved thermal and structural considerations associated with
the localized heating process. ABS was selected as the primary enclosure material due to
its favorable balance between manufacturability, dimensional stability, impact resistance,
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and thermal tolerance under short-duration heating conditions. Preliminary evaluations
indicated that the combination of passive ventilation slots, thermal separation between the
heating chamber and enclosure walls, and short activation cycles effectively limited external
temperature accumulation. The dimensions of the insertion port and the positioning of the
copper electrodes were additionally adjusted to ensure compatibility with commonly used
filiform needles while minimizing unintended electrical arcing and unstable contact during
operation. These geometric parameters directly influenced the repeatability and reliability
of the needle degradation process.

ISOA V.8

Figure 4. Exploded view CAD breakdown: 1. cover; 2. hole cover; 3. mechanism support; 4. drawer;
5. drawer support; 6. body; 7. cable outlet cap; 8. base; 9. mounting support.

The heating system consists of two copper electrodes connected to a low-voltage,
high-current transformer rated at 5-10 A, where the needle closes the circuit and heats up
by the Joule effect. Electrical safety was ensured with insulated wiring, a fuse for overload
protection, and compliance with IEC 60601-1 [23] standards for electromechanical medical
devices. Ventilation slots were incorporated into the casing to prevent overheating, while a
thermal barrier was added between the heating chamber and external surfaces to maintain
user safety.
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A removable ash tray (80 x 75 x 40 mm) allows safe collection of residues, mini-
mizing contamination risks and enabling proper waste disposal in accordance with local
biomedical regulations (e.g., ARCSA 0023-2016). Ergonomic criteria were embedded in
the detailed design: the needle insertion slot (J 1.6 mm) ensures compatibility with the
most common filiform needle diameters (0.35-1.6 mm), while compact overall dimensions
(230 x 150 x 95 mm, <2 kg) guarantee portability and ease of use in outpatient clinics
(see Figure 5).

Figure 5. Product in relation to the user.

The bill of materials (BOM) (Table 2) consolidates all structural, electronic, and protec-
tive components, with an itemized cost analysis. Total fabrication cost was estimated at
199.3 USD, including 123.5 USD in materials and 75.8 USD in labor. Compared to commer-
cial devices, which range between 300 and 400 USD, the proposed prototype demonstrates
significant economic feasibility, making it accessible to clinics, educational laboratories, and
practitioners in low-resource environments.

Table 2. Costs associated with the prototype.

Component Material/Specification Quantity Unit Cost (USD) Total (USD)
Structure é‘isglzlgg‘;ﬁ) 1.75 mm, white 1 25 25
Mechanism Transformer 220 V-110 V to 5 V-10 A 1 40.0 40.0
Copper plates 1 10.0 10.0
Switch ON/OFF, 220 V 1 2.0 2.0
AWG 16-18 wiring 1 3.0 3.0
Basic fixings, Thermal separation

Protection components (3D-printed spacers). 1 5.0 5.0
Internal support elements
;llPéF%ﬂzr;)eg:)%A, black, 1.75 mm 1 33.0 33.0
Primary packaging (fabric case, 0.3 g) 1 7.0 7.0
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Table 2. Cont.

Component Material/Specification Quantity Unit Cost (USD) Total (USD)
Finishing User manual, 300 g paper 1 1.0 1.0
Subtotal Materials 123.5
Labor 3D printing (machine time) 65.0 65.0

Assembly (glue) 0.5 0.5

Sanding (sandpaper) 0.3 0.3

Welding (solder) 10.0 10.0
Subtotal Labor 75.8
Total Prototype 1993
Cost

Note: costs are related to Ecuadorian region.

2.5. Bill of Material (BOM)

A detailed bill of materials was prepared, including the main structural, electrical,
and protective components. Table 2 summarizes the costs associated with the prototype,
covering both materials and labor.

2.6. Cost Analysis

The economic feasibility of the proposed prototype was evaluated by analyzing the
total cost of materials and labor. The complete device can be built for approximately
199 USD, including 3D-printed parts, electrical components, and assembly. This represents
a substantial reduction compared to commercial needle incinerators, which are typically
priced in the range of 300400 USD depending on capacity and brand.

This cost difference highlights the accessibility of the open-source design, making it
particularly suitable for small outpatient clinics, educational institutions, and low-resource
environments. By using standard components and additive manufacturing, the prototype
avoids the need for specialized molds or proprietary spare parts, which further reduces
long-term expenses. Beyond the direct economic comparison, the main advantage of
the proposed system lies in its open-source and reproducible nature. Unlike proprietary
commercial devices, the present design provides unrestricted access to CAD models, STL
files, assembly procedures, and component specifications, facilitating local manufacturing,
repair, customization, and future adaptation.

From a manufacturing perspective, the proposed design also presents favorable scala-
bility potential. Production of multiple units could further reduce fabrication costs through
batch additive manufacturing, bulk acquisition of electronic components, and standardized
assembly procedures. Additionally, a future transition toward injection-molded enclosure
components could significantly decrease manufacturing time and unit cost for medium-
scale production scenarios.

Additionally, the use of additive manufacturing eliminates the need for specialized
tooling or proprietary replacement parts, which may reduce long-term maintenance costs
and improve accessibility in low-resource environments and educational contexts.

The scalability considerations were additionally supported by prior industrial design
evaluation methodologies, including material comparison matrices, Saaty multi-criteria pri-
oritization, manufacturability assessment, and prototype selection through Pugh matrices
during the development process.
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3. Build Instructions
3.1. Tools and Equipment Required

To ensure reproducibility, only commonly available tools were considered. The fabri-
cation process requires the following:
e 3D printer (FDM technology) with a 0.4 mm nozzle, compatible with ABS and
TPU filaments.
Soldering iron (30-60 W) and solder wire for electronic connections.

Basic hand tools: screwdrivers, pliers, utility knife, and clamps.
Finishing tools: fine sandpaper (P400-P800) for smoothing printed parts.

Personal protective equipment (PPE): insulated gloves, protective glasses, and a mask
to ensure safe handling during assembly.

3.2. Component Manufacturing—3D-Printed Parts
3.2.1. 3D-Printed Structural Parts

The structural components of the device were fabricated using fused-filament deposi-
tion (FFD) with 1.75 mm ABS filament. ABS was selected due to its mechanical stability, ease
of printing, and adequate thermal resistance for short-duration exposure associated with
needle incineration. All CAD models were developed in SolidWorks 2021 and exported as
STL files for direct fabrication.

The following printed parts compose the external housing and internal supports:

e  Main body shell (ABS)—protects the user and houses all internal components.

o  Top cover with insertion port (ABS)—guides the needle toward the copper electrodes,
ensuring proper alignment during operation.

e  Internal electrode support bracket (ABS)—maintains a fixed separation between the
copper plates and provides mechanical stability.

e  Base plate (ABS)—secure the transformer and internal wiring.

e  Ash collection tray (ABS)—removable container that collects residues from the
incinerated needles.

All parts were printed using a layer height of 0.2 mm, 20-30% infill, and four
perimeters. These settings ensured adequate rigidity while minimizing print time and
material usage.

3.2.2. Copper Electrodes

Two copper contact plates serve as the electrical interface for the incineration process.
Copper was selected due to its high electrical conductivity and stable performance under
short-duration, low-voltage heating cycles. The plates are mounted on the 3D-printed
internal support bracket and aligned with the needle insertion port. When the user inserts
a needle, its metallic shaft bridges the gap between the plates, closing the circuit. The
low-voltage, high-current discharge through the needle produces rapid Joule heating,
resulting in localized incineration.

3.2.3. Electrical Components

The electrical system operates at low voltage to ensure user safety and follows the

configuration validated in the design analysis. The components include the following:

e  Step-down transformer (110 V — 5V, 50 W). Supplies a high-current output (~10 A)
required to achieve rapid Joule heating through the needle.

e Power switch with indicator light. Provides user control and visual confirmation
of activation.

https:/ /doi.org/10.3390 /hardware4020012
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e  Electrical wiring (AWG 16-18 insulated copper wire). Used for all internal low-
voltage connections.

e  Miniature fuse (=30 A). Connected in series with the transformer output to protect
the device from accidental short circuits or prolonged activated.

e Screw terminals. Facilitate safe, detachable connections between the transformer,
power switch, and copper plates.

All components are arranged on the printed base plate, ensuring adequate spacing
and preventing accidental contact with conductive elements.

3.2.4. Ventilation and Thermal Behavior

The device relies on passive ventilation slots integrated into the main body. No fans,
forced-air cooling, or metallic thermal chambers are included, as the heating is localized
briefly and confined to the needle. As a result, the external ABS surfaces remain within
safe operating temperatures (34—42 °C), consistent with the material’s thermal limits.

3.3. Assembly Procedure

The assembly process integrates the 3D-printed components, copper electrodes, and
low-voltage electrical elements into a compact and functional device. Each step follows a
modular that facilitates reproducibility and maintenance.

Step 1—Preparing the Printed Components

After fabrication, each 3D-printed component (main body shell, top cover, electrode
support bracket, base plate, and ash collection tray) is cleaned, lightly sanded if necessary,
and checked for proper fit. Threaded brass inserts may be embedded into the ABS parts
using a soldering iron to ensure screw attachment during assembly.

Step 2—Installing the Copper Electrodes

The two copper contact plates are mounted onto the internal electrode support bracket.
Screws or clamping fixtures secure the plates to maintain a fixed separation distance,
aligned with the insertion port and providing stable contact surfaces for Joule heating. The
assembled bracket is then inserted into the main body shell, ensuring that the copper plates
align perfectly with the top cover’s needle guide.

Step 3—Mounting the Transformer and Electrical System

The low-voltage transformer (110 V to 5 V, 50 W) is fixed onto the printed base plate
using screws or zip-tie anchors integrated into the design. The power switch and indicator
light are installed in the designated mounting points.

Internal wiring is arranged as follows:

AC input—power switch;
Power switch output to transformer primary;
Transformer secondary (5 V, high current)—fuse;

Fuse—copper electrodes (via screw terminals and AWG16-18 wiring).

All connections are protected using insulated crimp terminals and heat-shrink tubing
to prevent accidental contact.

Step 4—Inserting the Ash Tray and Aligning the Upper Housing

The removable ash collection tray is slid into its compartment beneath the elec-
trode assembly. The top cover is placed over the main body shell and secured using
screws. Alignment of the insertion port with the electrode plates is verified again to ensure
proper functioning.

Step 5—Final Closure and Safety Check

https:/ /doi.org/10.3390 /hardware4020012
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Before final closure, the internal wiring is inspected to confirm:

No exposed conductive parts;

Stable soldered or screw-terminal connections;

Sufficient clearance between live elements and printed walls;

Unobstructed ventilation paths.

Once verified, the device is fully closed (see Figure 6) and tested without a needle to
ensure the electrical path remains open until a needle bridges the electrodes. Functional

testing proceeds as described in Section 5.

"

—_— E
Figure 6. Final assembly.

3.4. Estimated Time and Difficulty

Printing time: ~10-12 h (depending on printer settings).

Assembly time: ~2-3 h.

Total build time: ~15 h.

Skill level required: Intermediate (basic knowledge of 3D printing and electrical
connections).

4. Operating Instructions
Principal parts (see Figure 7).

8 5
127 &8

1
‘ 2°_—O b2 o :

3 o —yge— " w " 0w

)

Figure 7. Parts of the incinerator: 1. waste collection tray; 2. power ON/OFF button; 3. support
brackets; 4. ventilation outlets; 5. needle insertion port; 6. power supply cable outlet.

Principal instructions:
The device is designed for simple and safe operation in outpatient therapeutic con-
texts such as acupuncture, dry needling, or physiotherapy. The interface relies on a
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single activation switch and an insertion port that guides the needle directly toward the
copper electrodes.

Step 1—Powering the Device

Connect the AC power cord to a standard 110 V outlet.
Switch the device ON using the illuminated main power switch.
The indicator light confirms that the circuit is energized.

No current flows through the electrodes until a metallic needle bridge them, ensuring
intrinsic safety.

Step 2—Needle Insertion

Hold the used fine needle by its plastic handle.
Insert the metallic shaft through the top guide and into the insertion port.
As the needle advances, it contacts both copper plates.

Once contact is established, the needle closes the low-voltage circuit between the
two plates.

This design ensures that the needle itself acts as the conductive bridge, and heating is
restricted to the metal segment exposed to the electrodes.

Step 3—Incineration Process

Once the circuit is closed, the following take place:

A 5V high-current discharge (=10 A) flows through the needle.
Due to the Joule heating, the metal segment rapidly reaches incineration temperature.
The exposed portion of the needle oxidizes and fragments within approximately 3-5 s.

The heating is localized and short-duration, preventing heat transfer to the external
ABS enclosure.

The process is complete when the metallic segment detaches or visibly disintegrates.

Step 4—Residue Collection (see Figure &)

00:00.00 00:00.61 VA

exh &
-—
——
(a) Turn on the needle incinerator. (b) intact filiform needle before (c) electrical contact between the
insertion needle and copper electrodes
00:02.69 B\ 00:02.90

\g\
y
_ | -

y
(d) localized Joule-heating during (e) final fragmented residue deposited (f) Turn off the needle incinerator.

incineration into the ash collection tray.

Figure 8. Sequence illustrating the needle insertion and incineration process, showing alignment
with electrodes and ashtray deposition.

e Any remaining ash or metallic debris falls directly into the removable ash collection
tray located beneath the electrodes.
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e  The tray can be extracted manually for disposal following clinical waste protocols.
e  The design prevents accidental contact with hot components during extraction.

Step 5—Device Shutdown

e  After disposing of the residue, switch the device OFFE.

e  Disconnect the power cord if the device will not be used for an extended period.

e  Allow a brief cooling period (15-20 s), although external components remain within
safe-touch temperature ranges during operation.

Operational Safety Notes

e  The device operates at low voltage, ensuring user protection even during accidental
contact with the housing.

e  No heating occurs unless a needle bridges the electrodes.

e DPassive ventilation slots prevent heat buildup inside the enclosure.

o The 30 A fuse protects against prolonged activation or accidental short circuits.

These features align with the safety criteria established during the design phase and
validated experimentally in Section 5.

Safety Precautions

e Do not insert more than one needle at a time to avoid malfunction.

e Do not operate on flammable surfaces.

e  Use only under adult supervision in a clinical or therapeutic environment.

e  Avoid direct contact with the heating plates; surfaces may remain hot after

e  operation.

e  Ensure that the fuse and protective casing remain intact to prevent electrical hazards.

Maintenance

e  Periodically check the electrical wiring and switch for signs of wear.

e  Clean the casing with a dry cloth; avoid water contact.

e  Replace the fuse if the device does not power on after overheating protection.
e  Expected lifespan: 5-7 years, with minimal maintenance.

5. Validation
5.1. Functional Testing

The prototype was tested under typical operating conditions to verify its performance.
Needles with diameters ranging from 0.35 mm to 1.6 mm were incinerated individually.
Each incineration cycle lasted approximately 3-5 s, with the device reaching operational
temperatures of ~800 °C. The ~800 °C value corresponds to the approximate oxidation
temperature of stainless steel under Joule heating; however, this does not represent the
temperature of the copper electrode surfaces, which remain considerably lower due to the
short duty cycle and localized heating restricted to the needle.

5.2. Capacity Test

The device successfully processed 5-20 needles in a single session, corresponding
to the average number used during acupuncture or dry needling therapy (Table 3). No
performance degradation was observed within this range.
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Table 3. Mean time relative to needle count.
Needles per Session Approx. Total Time (s) Approx. Total Time (min)
5 17.5 0.29
10 35.0 0.58
15 52.5 0.88
20 70.0 1.17

5.3. Safety Validation

The external casing remained below safe-touch temperature thresholds due to proper
thermal insulation. The ventilation slots prevented overheating during continuous op-
erations. The fuse provided electrical protection, activating correctly under overload
conditions. In Figure 9, the use of the product in a clinic is shown.

Figure 9. Product validation.

The safety strategy adopted during the development process considered the principal
operational risks associated with electrical contact, localized heating, and thermal accu-
mulation inside the enclosure. These risks were mitigated through low-voltage operation,
insulated internal wiring, fuse-based overload protection, passive ventilation, and thermal
separation between the heating chamber and the external ABS casing.

The safety-oriented configuration of the prototype was additionally supported by
industrial design evaluation methodologies, including ergonomic assessment, material
selection analysis, and thermal behavior considerations performed during the conceptual
and detailed design stages. These evaluations contributed to minimizing user exposure
to high-temperature regions and improving operational stability during repeated activa-
tion cycles.

Safety validation was approached through repeated short-cycle operational testing
focused on the principal risks associated with localized Joule heating, including external
heat accumulation, accidental user contact with conductive components, and enclosure
thermal stability. The combined safety measures ensured stable operation without observ-
able structural deformation or unsafe external surface temperatures during the evaluated
operating conditions.

5.4. Comparative Analysis

Commercial portable needle incinerators typically range between 300 and 400 USD de-
pending on capacity, portability, and safety features [25-27], while the proposed prototype
was built for approximately 199 USD. Despite the lower cost, the device achieved compara-
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ble incineration efficiency in terms of time and reliability, demonstrating its potential as an
accessible open-source alternative for outpatient clinics and educational settings.

The validation results demonstrated that the open-source electric needle incinerator
achieves performance comparable to commercial devices while reducing fabrication costs
by approximately 35-45% lower. This outcome is particularly relevant in low-resource
clinical settings, where high equipment costs often prevent the adoption of safe biomedical
waste management practices. The device’s ability to reliably incinerate needles in 3-5 s
matches the efficiency of proprietary systems, confirming its technical feasibility.

The proposed device aligns with previous studies emphasizing the importance of
point-of-use needle destruction systems for reducing occupational exposure and preventing
the reuse of contaminated sharps [28,29]. Unlike large-scale plasma-based biomedical waste
treatment technologies, the present approach focuses on localized low-power Joule heating,
prioritizing portability, accessibility, low manufacturing cost, and ease of implementation in
outpatient therapeutic environments. This positioning reinforces the relevance of compact
electric needle incinerators as practical alternatives for decentralized biomedical waste
management in low-resource clinical settings.

From an occupational safety perspective, the integration of thermal insulation, fuse
protection, and compliance with IEC 60601-1 standards ensures secure operation even
under continuous use [23]. This aligns with recommendations from the World Health
Organization (WHO) regarding the importance of safe sharps disposal to minimize risks of
hepatitis B, hepatitis C, and HIV transmission. Moreover, by designing a removable ashtray
and incorporating clear labeling, the prototype addresses critical aspects of biosecurity and
user ergonomics, often neglected in improvised disposal practices observed in small clinics.

A major advantage of the proposed design is its reproducibility and open-source
nature. Unlike commercial incinerators that provide no access to technical documenta-
tion, this work releases all CAD models, STL files, and assembly instructions, allowing
replication and adaptation by practitioners, researchers, and educators. This openness
aligns with the global movement towards open hardware in healthcare, fostering collabora-
tive improvements, reducing dependence on proprietary supply chains, and expanding
accessibility to innovative solutions.

Despite its strengths, some limitations must be acknowledged. First, the device
is currently restricted to single-needle incineration, which, although adequate for most
therapeutic sessions (5-20 needles), may limit its application in high-throughput clinical
environments. Second, its operation depends on stable electrical supply, which may
present challenges in rural or off-grid contexts. Additionally, while safety validation
confirmed external casing stability, further long-term endurance testing is required to
evaluate mechanical wear of the electrodes and thermal stability of 3D-printed parts.

Future developments may focus on automating the feeding mechanism for multi-
needle incineration, integrating temperature sensors and IoT-based monitoring to track
device usage and performance in real time. Optimizing energy consumption through
advanced thermal control strategies could further enhance sustainability, especially in
regions with limited resources. Expanding usability to other biomedical sharps (e.g.,
lancets, micro-needles) also represents a potential research direction.

Overall, this discussion situates the proposed device as a low-cost, safe, and repro-
ducible alternative that addresses critical gaps in current biomedical waste management.
Its open-source documentation strengthens its impact, ensuring that the solution can be
replicated, scaled, and improved by the global community, particularly in contexts where
safe disposal of sharps remains a pressing challenge.

The relevance of the proposed hardware is not limited to fabrication cost reduction
alone. Its open-source architecture enables decentralized production, rapid customization,
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and collaborative improvement by researchers, educators, and healthcare practitioners.
This characteristic represents a significant advantage compared to closed commercial
systems that restrict repairability, adaptation, and technological transfer.

From an environmental perspective, localized point-of-use needle destruction may
additionally contribute to reducing intermediate transport, handling, and storage require-
ments associated with centralized biomedical waste management processes. Although
the present study does not include a complete life-cycle assessment, the proposed ap-
proach may support safer and more decentralized waste handling strategies for outpatient
therapeutic environments.

5.5. Parametric Thermal-Electrical Analysis

To complement the functional validation of the prototype, a parametric thermal-
electrical analysis was conducted to evaluate the influence of key operational and geometric
parameters on the needle degradation process. The analysis focused on variables directly
associated with Joule-heating performance, including needle diameter, electrical current
intensity, electrode spacing, and thermal dissipation through the enclosure.

The objective of this analysis was not to optimize the system through advanced
numerical modeling, but rather to experimentally characterize the influence of the main
design parameters governing operational stability, thermal behavior, and degradation
efficiency within the proposed open-source hardware configuration.

The experimental characterization revealed a direct relationship between needle di-
ameter and degradation time (see Table 4). Needles with larger diameters required longer
exposure times due to the increased metallic cross-sectional area, which reduced localized
current density and consequently decreased the Joule-heating rate. For smaller diameters
(0.35-0.50 mm), the thermal energy was concentrated rapidly at the electrode interface,
producing fast oxidation and fragmentation within approximately 3 s. In contrast, larger
diameters (1.20-1.60 mm) exhibited slower degradation behavior and occasional residual
fragments, suggesting increased thermal diffusion along the metallic shaft.

Table 4. Experimental thermal-electrical characterization of the prototype.

Needle Diameter Electrode Gap Current (A) Mean ]?egradation Observed Behavior
(mm) (mm) Time (s)
0.35 1.0 8.1 28£0.2 Rapid oxidation and fragmentation
0.50 1.0 8.4 31403 Stable localized heating
0.80 1.2 8.8 37+04 Uniform degradation
1.20 1.5 9.4 44405 Partial metallic residue
1.60 1.5 10.0 51406 Slower fragmentation behavior

Electrode spacing also influenced operational stability. Smaller gaps promoted faster
thermal concentration and improved electrical contact consistency; however, excessively
reduced separation distances increased the probability of unintended electrical arcing
between the copper plates. Based on iterative prototyping and experimental observations,
an electrode spacing between 1.0 and 1.5 mm provided the best compromise between
thermal efficiency, operational repeatability, and user safety. Additionally, the combination
of passive ventilation and short-duration activation cycles prevented excessive thermal
accumulation within the ABS enclosure. External surface temperatures remained below
critical thermal deformation thresholds associated with ABS materials, supporting the
suitability of the selected enclosure configuration for repeated short-cycle operation.

These findings demonstrate that the final prototype configuration was strongly influ-
enced by engineering-oriented evaluation of thermal, electrical, ergonomic, and manufac-
turability parameters rather than solely aesthetic considerations.
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6. Conclusions

This work presented the design, construction, and validation of an open-source electric
needle incinerator intended for use in acupuncture and dry needling therapies. The
device was developed with a focus on safety, affordability, and reproducibility, integrating
3D-printed components, standard electronic parts, and clear build instructions.

Validation tests demonstrated that the prototype is capable of incinerating individ-
ual needles in 3-5 s, processing a typical session of 5-20 needles without performance
degradation. The device ensures occupational safety through adequate thermal insulation,
protective casing, and compliance with relevant standards.

One of the most significant advantages of the proposed design is its economic feasibil-
ity: with a fabrication cost of approximately 199 USD, compared to commercial devices
priced between 300 and 400 USD. This makes the prototype a practical solution for outpa-
tient clinics, academic laboratories, and low-resource environments.

By making the design files openly available, this contribution strengthens the open
hardware community, enabling replication, adaptation, and future improvements. Potential
areas for further development include automation of the incineration process, integration of
temperature sensors, and optimization of energy consumption. Give a general discussion if
the device fulfills the expected performance.

Supplementary Materials: The STL models presented correspond to the final prototype design and
are provided to ensure reproducibility and facilitate future adaptations by other researchers and
practitioners [30]. The following supporting information can be downloaded at: https://www.mdpi.
com/article/10.3390/hardware4020012/s1.

Name Type Description

s1 Top Cover (stl) .Upper enclost}re of the device, protecting the
inner mechanism.

s Main Body (stl) Core ho.using that integrates all electrical and
mechanical parts.

s3 Base (stl) Structural foundation of the prototype, designed to keep

the assembly stable.

Needle Insertion Small precision opening that guides the needle directly to

S4
Port (.stl) the heating chamber.
A detachable tray used to collect ashes and metallic
S5 Drawer (.stl) . . .
residues after the incineration cycle.
6 Drawer Base 1 (st]) The. ﬁrs.t lo.wer platform .t}}at supports the drawer
maintains its correct position.
Secondary base element reinforcing the drawer structure
S7 Drawer Base 2 (.stl) . . .
and ensuring smooth insertion.
ss Mechanism Plate Internal bracket that secures the heating plates and
Support (.stl) electrical components in place.
59 Cable Inlet (.stl) Entry port for the main power cable.
Non-slip supports are attached to the bottom of the device
S10 Feet (.stl) to reduce vibration.
EMSAMBLE.
S11 Arthur (.stl) Complete assembly of the proposed prototype.

Note: For each design file listed in the summary table above, include a short description of the file.
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